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(54) MANUFACTURE OF GROUP III NITRIDE SEMICONDUCTOR 

(57)Abstract 

PURPOSE: To obtain two semiconductors formed of 
group III nitride semiconductor by forming two 
semiconductor layers made of the group III nitride 
semiconductor on intermediate iayers formed on both 
side surfaces if a sapphire board, removing only the two 
intermediate layers by wet etching, and peeling the two 
semiconductor layers from the board. 
CONSTITUTION: Intermediate layers 2a, 2b made of zinc 
oxide are formed on both side surfaces of a sapphire 
board 1. Two semiconductor layers 3a, 3b made of group 
III nitride semiconductor are respectively formed on the 
layers 2a, 2b. Only the layers 2a, 2b are removed by wet 
etching using solution for etching only the zinc oxide to 
peel the layers 3a, 3b from the board 1. Thus, two 
semiconductors made of the group III nitride 
semiconductor can be easily manufactured. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is III. It is related with the method for obtaining the epitaxial 

substrate of a group nitride semiconductor. 

[0002] 

[Description of the Prior Art] Conventionally, it is GaN as blue light emitting diode. The thing 
using the compound semiconductor of a system is known. The GaN Since the compound 
semiconductor of a system is a transited [ directly ] type, it attracts attention from that 
luminous efficiency is high, making into the luminescent color blue it is [ blue ] one in three 
primary colors of the light, etc. 

[0003] Moreover, general formula AlxGaYIn1-X-YN (X= 0, Y= 0, and X=Y=0 are included) III 
expressed The light emitting device using the group nitride semiconductor is known. This 
semiconductor has the energy band gap corresponding to the wavelength of 2G0-650nm, and is a 
transited [ directly ] type. Especially this semiconductor attracts attention as a light-emitting- 
device material of a visible short wavelength field and an ultraviolet region. 
[0004] 

[Problem(s) to be Solved by the Invention] The crystal of this semiconductor is near growth 
temperature, and since the equilibrium vapor pressure of the nitrogen of a composition element 
is very high, creation of a bulk crystal is very difficult Therefore, that to which this 
semiconductor grew the semiconductor epitaxially on silicon on sapphire is used. Therefore, 
always, various kinds of semiconductor devices using the above-mentioned semiconductor are 
used, where silicon on sapphire is attached. Since the semiconductor device has attached silicon 
on sapphire, the installation structure of an electrode, the ejection structure of light, etc. have 
restrictions. 

[0005] If it says by the attaching structure of an electrode, since silicon on sapphire is an 
insulator, it cannot attach an electrode so that p layers and n layers may be put between sand 
UJ JI structure. Therefore, in the best layer, it is necessary to form the electrode to p layers and 
n layers. For that, the slot for insulating separation is formed or the process which forms the 
hole for forming the electrode to a lower layer is needed for an excess. Moreover, with this 
electrode structure, current is poured in in parallel with a lower layer field. For this reason, while 
resistance became large and the voltage drop became large, there was a problem that the 
calorific value of the Joule's heat became large. 

[0006] The purpose of this invention is AlxGaYIn1-X-YN (X= 0, Y= 0, and X=Y=0 are included). Ill 
expressed It is manufacturing the substrate of a group nitride semiconductor easily. Moreover, 
other purposes of this invention are constituting light emitting diode using the single crystal 
substrate obtained by making it such. 
[0007] 

[Means for Solving the Problem] this invention consists of the following process. The interlayer 
who changes [ 1st ] from a zinc oxide (ZnO) to both sides of silicon on sapphire is formed, the 
2nd — both sides of the silicon on sapphire — the interlayer top of two formation **** — III 
Group nitride semiconductor (AlxGaYIn1-X-YN;X=0, Y= 0, and X=Y=0 are included) from — two 
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becoming semiconductor layers are formed two semiconductor layers are exfoliated from silicon 
on sapphire by removing only two interlayers by wet etching using the solution which 
********** s [ 3rd ] only a zinc oxide — making — III Group nitride semiconductor (AlxGaYInl- 
X-YN;X=0, Y= 0, and X=Y=0 are included) from — the becoming semiconductor is obtained 
[0008] 

[Function and Effect(s) of the Invention] The lattice constant of a zinc oxide (ZnO) is sapphire 
and III. Group nitride semiconductor (AlxGaYIn1-X-YN;X=0, Y= 0, and X=Y=0 are included) III 
good on near and silicon on sapphire to a lattice constant It functions as a buffer layer into 
which a group nitride semiconductor can be grown up. Moreover, it is III of two sheets at once by 
removing only this interlayer by etching. A group nitride semiconductor substrate can be 
obtained. Thus, III good in this invention It becomes possible to manufacture a group nitride 
semiconductor wafer. 
[0009] 

[Example] Hereafter, this invention is explained based on a concrete example. Drawing 1 - 
drawing 3 are process drawings having shown how to manufacture the gallium-nitride compound 
semiconductor (GaN) of this invention. As shown in drawing 1 , the silicon on sapphire 1 which 
has the field direction of a direction (0001) was prepared, and organic chemicals, such as a 
methanol, washed the silicon on sapphire 1. Then, silicon on sapphire 1 was set in the chamber 
of RF sputtering system, and the chamber was exhausted to the vacuum. Then, the spatter of 
the target of ZnO was carried out by the mixed gas of an argon and oxygen, and as shown in 
drawing,? , the interlayers 2a and 2b who consist of ZnO were formed in both sides of silicon on 
sapphire 1 by 100nm in thickness. These interlayers 2a and 2b had the strong amount of 
preferred orientation to c shaft orientations. 

[0010] Next, the silicon on sapphire 1 in which Interlayers 2a and 2b were formed was set in the 
chamber of halogen transport apparatus. .And after exhausting a chamber to a vacuum, nitrogen 
gas was introduced and silicon on sapphire 1 was heated in temperature of 1000 degrees C 
which can grow a GaN single crystal. At this time, the amount of preferred orientation of 
Interlayers' 2a and 2b ZnO improves further, and it becomes possible to grow up GaN of a single 
crystal on these interlayers 2a and 2b. GaCI which Ga and the hydrogen chloride (HCI) were 
made to react and was generated at the elevated temperature as material gas of a gallium (Ga) 
was used. Moreover, ammonia was used as material gas of nitrogen (N). GaCI and ammonia were 
supplied to the front face of silicon on sapphire 1, and GaN was grown up. As shown in drawing 
3 , the semiconductor layers 3a and 3b which consist of GaN with a thickness of 300 
micrometers by growth of 5 hours were formed in both sides of silicon on sapphire 1 through 
Interlayers 2a and 2b. 

[0011] Next, the silicon on sapphire 1 in which Interlayers 2a and 2b and the semiconductor 
layers 3a and 3b were formed was dipped in hydrochloric-acid system etchant, and temperature 
of etchant was made into 60 degrees C. And it applied to the ultrasonic washer for about 10 
minutes, and Interlayers 2a and 2b were etched. Thereby, the semiconductor layers 3a and 3b of 
GaN were able to be made to separate from silicon on sapphire 1. The obtained semiconductor 
layers 3a and 3b showed n-type-conduction nature, the free electron concentration in a room 
temperature was abbreviation 3x1017cm-3, and mobility was about 400cm2 / V-s. 
[0012] Next, light emitting diode 10 was manufactured by the MOCVD method by using one 
semiconductor layer 3 as a substrate among the semiconductor layers 3a and 3b with a 
thickness of 300 micrometers. Next, the manufacture method of the light emitting diode 10 of 
this structure is explained. The above-mentioned light emitting diode 10 is an organometallic 
compound vapor growth (it is described as "M0VPE" below). It was manufactured by the vapor 
growth to depend, the used gas — NH3 Carrier gas H2 and trimethylgallium (Ga3 (CH3)) (it is 
described as "TMG" below) Trimethylaluminum (aluminum3 (CH3)) (it is described as "TMA" 
below) A silane (SiH4), bis(cyclopentadienyl) magnesium (Mg2 (C5H5)) (it is described as 
"Cp2Mg" below), and diethylzinc (it is described as "DEZ" below) it is . 

[0013] It is M0VPE about the semiconductor substrate 3 of GaN. H2 and NH3 after setting in the 
chamber of equipment and exhausting the inside of a chamber to a vacuum The semiconductor 
substrate 3 was heated in temperature of 1000 degrees C, passing. At this time, it is NH3. It 
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passes for preventing sublimation of GaN from the semiconductor substrate 3. 
[0014] H2 [ next, ] — a part for 20 liter/, and NH3 A part for 10 liter/, and TMG a part for 
1.7x10 -four-mol/, and H2 — 0.86 ppm up to — diluted silane (SiH4) It came out for 200 
ml/comparatively, it supplied for 20 minutes, and the buffer layer 4 which consists of n type GaN 
was formed in the thickness of 1 micrometer. 

[0015] next, silicon on sapphire 1 900 degrees C — carrying out — H2 A part for 20 liter/, and 
NH3 A part for 10 liter/, and TMG 1.7x10 -four-mol a part for /and CP2Mg it comes out for 
2x10 -seven-mol/comparatively, it supplies for 10 minutes, and is shown in drawing 5 — as — 
thickness 0.5-micrometer GaN from — the layer 5 which changes was formed In this state, 5 [ i- 
layer ] is an insulator. 

[0016] Next, the electron ray was uniformly irradiated this i layer 5 using reflection-electron line 
diffraction equipment. The irradiation conditions of an electron ray are 10kV of acceleration 
voltage, and a specimen current. They are 1 microA, traverse-speed 0.2 mm/sec of a beam, 
beam-diameter 60micrometerphi, and degree of vacuum 2.1 x10-5Torr. By irradiation of this 
electron ray, 5 is resistivity 108 i layers. It became p conduction-type semiconductor with a 
resistivity [ cm ] of 40ohms from the insulator more than omegacm. Thus, p layer 5 which shows 
p conduction type is obtained. Thus, the wafer of multilayer structure as shown in drawing 5 was 
obtained. 

[0017] Next, as shown in drawing 6 , gold (Au) was made 5, the vacuum evaporation© of the p 
layers (aluminum) of the aluminum was made to the semiconductor substrate (n layers) 3, and 
the diameter formed the electrodes 7 and 6 of Immphi, respectively. Thus, n layer 3 of the 
formed light emitting diode 10 of pn junction and the series resistance of n layer 4 were 0.2ohms. 

[0018] Moreover, when n layers of electrodes to 3 were formed in the hole in the light emitting 
diode of structure conventionally which formed p layers of holes which result in 3 n layers at 
right angles to the field of 5, n layers of n layers of series resistance of 4 were 50ohms with 3. 
The resistance of the light emitting diode of this example is decreasing to 1/250 to the 
resistance of the conventional light emitting diode. 

[0019] The emission spectrum of the light emitting diode 10 of this example was observed. The 
result is shown in drawing 7 . Drive current is 10mA. The peak appeared in wavelength of about 
450nm, and, as for the luminescence wavelength property, the luminescent color was blue. 
Luminous efficiency improved to double precision to the conventional light emitting diode. 
[0020] In the above-mentioned example, although an interlayer's 2 thickness was set to 100nm, 
it can be used in 10nm - 1 micrometer. In the above-mentioned example, although the light 
emitting diode of pn structure was shown, this invention is applicable also to the light emitting 
diode of pin structure and MIS structure. Moreover, a semiconductor can apply this invention 
also by InGaN besides GaN, and AIGaN. Moreover, a semiconductor may consist of 
heterojunctions of a different-species semiconductor material. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The interlayer who changes from a zinc oxide (ZnO) to both sides of silicon on 
sapphire is formed, the interlayer top formed in both sides of silicon on sapphire — HI Group 
nitride semiconductor (AIxGaYIn1-X-YN;X=0, Y= 0, and X=Y=0 are included) Two becoming 
semiconductor layers are formed, from — By removing only the two aforementioned interlayers 
by wet etching using the solution which **********s only a zinc oxide the two aforementioned 
semiconductor layers are exfoliated from the aforementioned silicon on sapphire — making — III 
Group nitride semiconductor (AlxGaYIn1-X-YN;X=0, Y= 0, and X=Y=0 are included) from — the 
manufacture method of obtaining the becoming semiconductor of two sheets 
[Claim 2] In a claim 1, the aforementioned interlayer's thickness is 10nm - 1 micrometer. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1 ] The cross section having shown the manufacture method of the semiconductor 
substrate of GaN concerning one concrete example of this invention. 

[Drawing 2] The cross section having shown the manufacture method of the semiconductor 
substrate of GaN concerning one concrete example of this invention. 

[Drawing 3] The cross section having shown the manufacture method of the semiconductor 
substrate of GaN concerning one concrete example of this invention. 

[Drawing 4] The cross section having shown the manufacture method of the light emitting diode 
concerning one concrete example of this invention. 

[Drawing 5] The cross section having shown the manufacture method of the light emitting diode 
concerning one concrete example of this invention. 

[ Drawi ng 6] The cross section having shown the manufacture method of the light emitting diode 
concerning one concrete example of this invention. 

[Drawing 7] Drawing having shown the luminescence property of light emitting diode. 

[Description of Notations] 

1 — Silicon on sapphire 

2a, 2b — Interlayer 

3a, 3b — Semiconductor layer (GaN) 

4 — Buffer layer (n-GaN) 

5 — i layers, p layers 

6 7 — Electrode 

1 0 — Light emitting diode 
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DRAWINGS 



[Drawing 1 ] 




2 a 



2 b 



[Drawing 3] 




[ Dra wing 4] 




[Drawing 5] 




[Drawing 6] 




[ Drawin g 7] 
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5FWHM (foil width a t ha I f -maximum) SSJjtL 
fc. X^tJgtCtiCukat &m*<\ 30kV, 10mA 

•cxig5%*s-&fc. mfift;©&8&©^i«Batctt. g 

e (4 0 0) ^ffltifc. fflfe)t. GaN (0 0 0 2) © 

0 2° Tfr3t>©£b&. 

[0 0 0 9] *^JC«t^GaN^S©SH©*^ffi 
lC3V»TH:«>!rrs*>©£U *td©J;5*®ROG 
aN*^a^#^Ci^WlS^:iajt75«SIRigT^. 0 

1 \z*mm<?)®m%mzj:z g a N»jsa©»^i:go 

—W&m&mZ7Ti-?m-Z3bZ>. *^OGaNffeIO 

^&<ifc&ffi**GaN]|MgaT»-5S«l©&RPo _t 
KG a N^HSai:©t&^S-&tt*^»7i®S^«im$-li- 
TA'^rlB! £Lfc±JCGaN£*SII/j£fi3-g-TG 
a Ni£|ga£#-5 fe©T?*-5. 

[0 0 10] *^^©GaN^a©fijS73^«, * 
fc, K0Xg2fC^-r«fc5C IglT^^tl&^g 
#©*«P. JtKGaN^iKftt©^S-&tt*tm»^ 

aNSi©a^fiSii:GaN*i^SJ:0^:SX«Pi ^& 

eSs-st*. tcsaiss. x@ isi ieib tssc^-TU" 
^ jwtn tmsosgf z. t iz^xm±m\z g a urn 

B*-«fcBtgsU GaNW&aPi ~P. S»gl/T 
£Mfc©GaN*|fa&rS2r&rV»a. ±E^j*Tr 

». n-'ti?Mk*m+Ttt*z. #&n-5GaN©igaa 

Sttt«lJi-r-5*t v teSfiH©I^J±*«¥««SBte:ab&« 
\t, «Jb5*»tt©2£ffifPSffifetStUTWffi«:'&©fc3S: 
-5. 

[0 0 11] *^©GaN*«ft©«iS*Jfett, 
JC. ^0Xg3tC^-TJ:5fc, Iglony77lBi 
S^UTGaNfMP. , P. £»BL, GaN* 
JSS©WffiS«Pi S^S^Pi JbfcGaN*g 

a t © fcfest s $ *T A y 7- 

r@B 2 si^bTGaNigap. , p» 
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(4) 

5 

-5. JI©«fcXg£> X.mi&imE£8.Z.TD-ii?)\' 
&} \Z n m» K> Sif £ 1 tCfc o T G a N^jjSS P . & 

8£#tCGaNim©mi|g&if ^©TJ 

fetisviTfe±iBxe2a:^tc. *§a.ag©iR]±a<¥ 

2-0©GaNlJM8a«. SSS.^tUTfiJffl-rsffiK, 
#^r^<Z)GaNifS^«U-f^;K0S«i:L-CSCX?iJffi JO 

[0 0 12] £fc, 112, 3tC*Ufc2tDO^S53i 

mzm-s-rzumtvT. isajfcftiM zjkd&mo® 
©^©^©ima: k ttg ffi tcs^uT.};^. 

[0 0 13] ±32©<fc5K:, #§8Hj©GaN*!e&0DS 

g aN©j§a«&am!gaj&g'tM vyv% i njfTfcss 

fcJMWtflliU J?rII©leI&n|pJBl;:, IftTBfflfS 
[0 0 14] ;Vy7rI©»IMH »»©JjW»*» 
ffift&R&ft #Sn*GaN#|ga©flKl«d±»::*fU 

[0 0 15] XK**3^ir;^*tt, i!8SS«±{C^n 
©tSj^*t*ffi©jea*ll©|pJ^ -a fcHMSa i LTfiS 

7 y m t&z®in*x.\f?*i' *)v&&zizz>f$mmi! 

&t>$?SL<. ftlcVPE (Vapor Phase Epitaxy ) . 
HVPE, MOVPE, MB E, G S —MB E (Gas So 
urse MB E) . CBE (Chemical beam Epitaxy ) ^ 

[0 0 16] ±«BtS»j«ftU-f ****D»ttI|Rn 
tt. #fclHJ6snS ! b©Tttfc<» #«>-&GaNli!ia© 
flRCKCT, *&, *&gt-rSGaNig&S«©t$C& 

^M-TX^OGaNjeaSStUTffi^Sfcfi. 2@~ 4? 

5 iggate+#fc«saaRi&s. 

[0 0 17] ±ffi. GaN©Ji£a{£B©a&£fcofcA 
y77lSRSmm ^^nfcGaN^jg®*^ 
Klx5S*i£X&ntf£*©<fc5fc>^r;&oTfe<l:v> 

[0 0 18] ±S/ty7r®fc«^etX-5^®tt, Ga 
i3 \12> a *S©»TFjHbW. G a N*t£*0*-nfc*!t L T 

±io%sifts. ttf&VK^sxmPrc&zoftyr-i so 
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6 

©»*L/l/i«a|tLT, ZnO&mfZtlZ. ZnO©a 
NoWntft CWJM^OftS) tt3. 249 6AT* 

0, GaN©a$fi©^SSc3. 1 8 9Afc**UT + 

1. 9%i. #*fcffi«Uifc*?*ftS«AT4JD. & 
»!6:GaN©fea«**«ffV^<&©T?a*l/V». *fc. 
ZnOttKfc±-5X2;^>^Sttj&i^ifT?*f). 21© 

y 7 7@Off*ll 0 . 0 1 (im~ 10 0 ummMtfft 

[0 0 19] MSf©«ffiPo tt. 4>fc<£fcSt®a*Ga 

N^iea*?** %>©£*§ v>*. bps. ^^hbicg 

aN£tf;fo&fc*GaN»ilSa©#»©^. Sfctt. 
G a N*igiISA«; 77 »»*«©aWC*T* ±5 
ft. *B«W39»GaNJWiaT?**J:3&«R-C**. 
&#©*§•&. G a N4WM&&tt-r«S*MMt& IT 
», GaN#jga©fiE^S« (1 0 0 0~1 1 0 0"C) 

■f7«eas«, sisffi. *a, znoa«. sica 
«ft£**««sn*. cn&^»H±^©GaN*is 

aS©?gJ«tt. MOVPE& MBE8tfc£fcJ:*#5F 

[0 0 2 0] CG a N4M&«©f&fimfc* £tf£X*B 
£RElCGaN*l»«MaL *-©.SS£«SiSL&i!§* 

#§nsfcesTt4, ±sa*589i©GaN#isa©sei*«t 

*ft-5«SSj*fi1f'f jrA*!! Djg^&ffit UT, 0 1 (C 
feit^X5S2^-r«fc5k:. SSJ©SSPo ±KAy7 
r JH3«J:tfG a N#JSSSIB*«SS«T«/B U ft& 

fc^ny 7 r utg a N*^as»«rr 

&8)©S«P«> tl/TH -9-7 y-f 7» 
aS*t±lCMO VP EJ*fc«t D G aN¥tSM*X£^ 

0. 2jiim. SfigZnOtU. gSMt'f^iHi 

$n*GaN*igaPi ~Ps ©flt*«^T3 0OMm 
SlgiLfe. SaC»&tl&GaN#JSaP s ©*ffi 
±ifi<&SI^L&i:C5. 29secT*0, Sfc. ^© 
J?*tt3 0 5 Mm-CJbofc. 
[0 0 2 1] I^KM2 

%mK)M-fj3mzR%_x. m 1 ic*s^si@3 tc^-r<t 

5»C, GaN^jga^xkTiJ'^^i'^g-r-SSfC. 
Oito;ty77aS»*U ^ffc>S;SiK*Sfcltt©G 
aN^a©»»atUfc£W1.«, *®0?lt^<H^© 
GaN^i!ga©^il5ffofc. gaC»6tUS:GaN* 
^SPc ©SS«. ^fi^*BA^2 8secW0. * 
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7 

it, *<Dm&\*2 8 9 AtmT&oiTc. 
[0 0 2 2] mmM3 

T, 1f7r^7SS^> A IN (SffcT^axtfA) <Z> 

tolt&Jttt* 2 t^<H*©G a N#»»OfW 

£3 0 0 um, IS5 cmx 5 cmWy-fTSM 
«±K1* /ty 7r»tUTA 1 NftMOVPESfcio 
T**5 0 0 A«XW*5/t^««ft ^O^ffi 

G a NJ}Mgfl£JP^2 MmX-rxlf ^^V^AftS« 
T^gtb, *7r^T3|gSSffi^ AlN/ty77i 
t, GaN*tt*OgJBi:3^6&<5»»»3 0 2/tmO 

GaN*teSP5 coasts ¥ffi£®#2 5secT» 
D, ^Oj»»»2 9 5/xmT»o&. 

[0 0 2 3] $m&}4 

fcbTSI»#l3tn«flD3»CDaS«««V^ GaN#(S 
WA777®^iUt (BeO) 0.13 (ZnO) 

aN#feiP 5 CQS®«, **4«»2 8secT» 
0> -^CD»*tt3 0 1 jxmTfcofc. 

[0024] 

«£*(7)S3g*S^i:^GaN^aoaS 
fciS^fco »$3 0 0jxm, ®a5cmX5cm^7 

£*m£T*jP2o. 6/im^^7ri^iu^ 

<Z>_bfcH V P ElC^TG a N#|»AftJ»d 2 50 urn 
^TXtr^^^WPJ^fi^^^ £ OG a NUififS©* 
SfcL HHK£ffifl*4 2 0 s e c^ofc. 
[0 0 2 5] ±ESKBMS*TlB6*ftJ:5fc, *»WO 

a N»»I^S2t 5 i t d^ffit 0 , fro, GaN 

mis&*m&omwiL\sTmK2>(D\z+fttem&\z&& 



(5) #W7-1 6 54 98 

[0 0 2 6] *«9B<Z>«jfi*ttlC*oX#6n*, £CD 
J:5ft*fl»TjpViGaN#»»tt, 283fcy< K 

(LED) , l^— !f-^*-H (LD) % XW^il/ 
5 * y ir >X ^-f KScDWftJgJBRf, tt?3r/t 

*V>Tte» *5S^(0GaNmjiSa«:S«a:UT^V^^ 

LED, LD*OD»ifi*^riBt35i:S. 21*16 ©&3^Tt> 

[0 0 2 7] C**MK:J:^GaN#JSft*fflV>&LE 

G a N#jg®£Sffi^Uri WfcLED 
U «OAK«»IBU^. «*Sg<Z>GaN#jg 
&£TfiVyy( T»S*#^S«tt^LEDS» 
.ffU *«W©GaN*»BfcaMRtT*LEDCDaK 
tffc&U/to «8*a*«)GaN*IS»tUTtt, 
W3 0 0 se cCDWSI^ LED 0) AJttt* 10 

mms 5%<0#H5C*JC*^T2 0mAO*«jC«fcoT 
2 0 0 O^Biatt5S3t^^«co»«&Sl^l^ ^o® 

*A, ffiT^2 — 5 5f=§i&£B, fiT¥5-10%K 
ts 3^©7^i:»W, LEDO#KS«, **98<0 
«S*ttlCJ:-3Tfll6n&GaN»ll**»RfcU tt 
»«±fc, n-AlGaN^7>vHi> 7>F-^I 
nGaNffiftJl, p-Al GaNi?7^HISIMfi 

a? ^^GaNfSSOSfiOffllH ¥tt£ffi»*3 0 s e 
c, 100 sec, 2 5 0 s e cCD3aST?&<£. JP# 
W^T2 8 0 Mmm o SttlOInGaN 
4>&J$Hltt, I no. 15 G ao. ss Nt, Ino.2sGao.1s 
N^2ig^U &*<D$8Mlt<Dl nGaNfCl?HT, 

1, 

[0 0 2 8] 
[Sll 
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[0 0 2 9] 



(6) 

ISttJB I no. i.Ga,. „NT*5LED 
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10 





FWHM 








(sec) . 


(candela) 




CaN 


3 0 


i. 8 


A 


GaN 


1 0 0 


1. 4 


A 


G a N 


2 5 0 


i. 2 


B 


CaN 


800 


1. 1 


B 






1. o 


C 



SteJf Offljfctt^ I n ». siG a o. t«NT* * L E D 



S U 


twHM 








(sec) 


(candela) 




GaN 


3 0 


2, 9 


A 


GaN 


1 0 0 


2. 5 


A 


GaN 


2 5 0 


2, 2 


B 


GaN 


3 0 0 


2, 2 


B 






2. 0 


C 



[0 0 3 0] SI, 2fc3rc-r«fc5tC, *ftW[Z&Z>m& 

[0031] LDcstTit xomm.imm.-T! 

£^Jfc2m£GaN^fc^%¥^JI®®©:Raitt, S 

a N^iesttigfasr* o +«-^*-s^rr g 



[0 0 3 2] 

GaN^«eS©S«?£jg*-rs^tT€S. 
^©§iii*i*«> GaN^S©feSSS©lR]±^«fclCK 

SO (SI] *«§gfC«tSGaN^S©Sjg^feOI@<7> 
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u 



(7) 
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Pi -P. Ga 
Bi —Bo rtyyrM 



cm 

p. 



VZZZZ2ZZL 



[01] 
2®B 



P. 



Pi -P. GaNWft 
Bi — B. /<y7rJB 



WWW 



7ZZZZZZZZ 



I 

Bi 



P. 



nS2 
p. 



Pt 



7ZZZZ2ZZL 



P. 

—I I 



Bi 



3353 
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